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Protection Motivation Theory and Social Distancing Behaviour in Response to a Simulated Infectious Disease Epidemic
Epidemics of respiratory infectious disease remain one of the most serious health risks facing the population. Non-pharmaceutical interventions (e.g., hand-washing or wearing face masks)
can have a significant impact on the course of an infectious disease epidemic. The current study investigated whether protection motivation theory (PMT) is a useful framework for understanding social distancing behaviour (i.e. the tendency to reduce social contacts) in response to a simulated infectious disease epidemic. There were 230 participants (109 males, 121 females, mean age 32.4 years) from the general population who completed self-report measures assessing the components of PMT (Milne, Orbell & Sheeran, 2002) . In addition, participants completed a computer game which simulated an infectious disease epidemic in order to provide a measure of social distancing behaviour (Maharaj, McCaldin & Kleczkowski, 2011) . The regression analyses revealed that none of the PMT variables were significant predictors of social distancing behaviour during the simulation task. However, fear ( = .218, p<.001), responseefficacy ( = .175, p<.01) and self-efficacy ( = 0.251, p < 0001) were all significant predictors of intention to engage in social distancing behaviour. Overall, the PMT variables (and demographic
Introduction
Adopting protective behaviours (e.g. hand hygiene, social distancing, mask wearing) in response to respiratory infectious diseases can have a significant impact on the course of an epidemic (Teasdale et al., 2014) . Health behaviour models, such as, Protection Motivation Theory (PMT; Rogers, 1975; 1983) , or Theory of Planned Behaviour (Ajzen, 1991) , provide useful frameworks for understanding behavioural choices during such epidemics. For example, the PMT components of perceived severity, perceived vulnerability, and response-efficacy were linked to undertaking behaviours to protect against infectious diseases (Bish & Michie, 2010) . In addition, research on the 2009 pandemic demonstrated the importance of perceived severity and response-efficacy in predicting vaccination uptake (e.g., Ashbaugh et al., 2013) . Recently, Timpka at al. (2014) found that coping appraisal was associated with intention to perform health protective behaviours during an influenza outbreak.
Social distancing, when individuals reduce the number of social contacts they make in response to the presence of disease, is an important health-protective behaviour. Teasdale et al. (2012) used PMT to examine intentions to perform protective behaviours (including social distancing behaviour) during a hypothetical epidemic. They found that intending to stay at home during the epidemic (i.e. social distancing behaviour) was associated with all of the PMT components, with self-efficacy emerging as the single strongest predictor of intending to engage in protective behaviour during a hypothetical epidemic.
The use of hypothetical epidemics is common as investigating the predictors of behaviour change during infectious diseases in the real world can be difficult. It is not feasible to carry out experiments by starting epidemics and opportunistic data collection during naturally occurring epidemics can be difficult to carry out in practice. One novel way of investigating the problem is via scenario-based computer game tasks. These tasks may represent a useful way of measuring how people respond to hypothetical infectious disease outbreaks (Balicer, 2007; Chen et al., 2013) . In the present study, our methodology involves participants playing a computer game in which they play the role of an individual in a neighbourhood that is experiencing an epidemic, and must make decisions about how many people to contact (Delaney et al., 2013) . The current study investigates the utility of PMT in explaining intention to engage in social distancing behaviour, and actual social distancing behaviour employed during a simulated infectious disease.
Method
Participants and Procedure
In a cross-sectional design, 230 participants were recruited from Glasgow Science Centre and a University in Scotland (109 males, 121 females, mean age: 32.4 years). Ethical approval was obtained from the institutional review board. Each participant provided written informed consent, gave demographic information, and completed the following self-report measures and computer game task.
Measures Protection Motivation Theory
Measures of PMT variables (perceived severity, perceived vulnerability, fear, response efficacy, self-efficacy, response cost, intention) were assessed with a 15-item questionnaire (based on Milne, Orbell, and Sheeran, 2002) , which was modified in order to relate to an infectious disease epidemic (e.g., 'If I were to develop an infectious disease I would suffer a lot of unpleasant symptoms'). All of the questions were rated on a scale ranging from 1 (strongly disagree) to 5 (strongly agree).
Scenario-Based Computer Game
Social distancing behaviour was measured through participation in a computer game (Maharaj, McCaldin and Kleczkowski, 2011; Delaney et al., 2013) . The two-dimensional game represents an epidemic scenario, linked to an agent-based simulation of an epidemic spreading through a large population. The participant plays the role of a susceptible individual in a society experiencing an epidemic. The instructions inform participants that there is 'an epidemic of a highly infectious disease' (a specific epidemic is not identified and participants are not given any information about specific disease characteristics). The infection pressure in the participant's neighbourhood is indicated by the relative numbers of green (uninfected) and red (infected) figures shown on screen. The participant then clicks on a blue circle which lights up signalling that the participant can drag it down to indicate how many people they want to meet that day.
The game interface records the current infection pressure and the value of the participant's choice. These are used to calculate a single value representing his/her social distancing behaviour (Maharaj & Kleczkowski, 2012) . The agent-based simulation contains 2500 agents, one of which is controlled by the player and the rest are computer-controlled. Initially, 150 randomly chosen individuals (6%) are infected, and the others are susceptible. Thereafter, the computer-controlled agents mirror the social distancing behaviour adopted by the participant (Kleczkowski et al., 2015) . The game comes to an end when the participant becomes infected or when the epidemic ends, which happens when all infected individuals in the simulated population recover, or when a maximum number of periods is reached.
Statistical Analyses
Correlations were used to examine the associations between the PMT variables and social distancing behaviour. In addition, hierarchical multiple regression analysis was used to examine those factors that were predictive of intention to engage in social distancing behaviour during an infectious disease epidemic.
Results
Descriptive statistics and correlation analysis
Descriptive statistics for the PMT variables demonstrate that response levels on all variables were moderate. Simulation results showed that the social distancing response was weak, tending to prolong the epidemic instead of stopping it (Kleczkowski et al., 2015) . Analysis showed that social distancing behaviour was not significantly correlated with any of the PMT variables. However, intention to engage in social distancing behaviour was significantly correlated with fear (r=.258, p<.01), response-efficacy (r=.223, p<.01), self-efficacy (r=.340, p<.01), and age (r=-.184, p<.01). Intention to engage in social distancing was not correlated with social distancing behaviour during the computer game task (r=.121, p=.067) (see Table 1 ).
Insert Table 1 Hierarchical multiple regression As shown in Table 2 , a hierarchical regression analysis of intention to engage in social distancing behaviour was conducted. The demographic (age and gender) variables were entered in the first step and accounted for a significant amount (3.6%) of the variance in social distancing behaviour (R 2 = .036). Next, those PMT variables that were significantly correlated with intention (i.e. fear, response-efficacy, and self-efficacy) were entered at Step 2, and significantly increased the amount of variance explained by 17.8%. The final model explained 21.4% of the variance in intention (R 2 = .214), with age ( = -.170, p < .01), fear ( = .218, p<.001), response-efficacy ( = .175, p<.01) and self-efficacy ( = 0.251, p < .001) emerging as significant predictors.
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Insert Table 2 Discussion
The findings demonstrated no association between PMT variables and social distancing behaviour during the computer game scenario. However, three PMT factors (fear, responseefficacy, and self-efficacy) were significant predictors of intention to engage in social distancing.
Previous research has also identified the utility of these variables in predicting behavioural responses to respiratory infectious diseases (e.g., Teasdale et al., 2012; Timpka et al., 2014) .
The current study found no association between social distancing behaviour and intention,
representing an intention-behaviour gap. The evidence suggests that social distancing may be a behaviour that individuals find difficult to perform (e.g., Teasdale et al., 2014) . Therefore, increasing perceptions of efficacy surrounding this behaviour will be key in order to employ it as an effective behavioural intervention.
There are several limitations of the study. We collected the data during the summer, when infectious illnesses are less prevalent than during winter, which may have influenced participants' ability to identify with the scenario in the game. In addition, the social distancing behaviour that we measured is hypothetical and may not accurately reflect real life behaviour.
The use of hypothetical scenarios is common within the literature. However, these scenarios may be problematic as participants may find it difficult to project themselves into these situations. Further limitations relate to the use of the computer game task. Recent research points to the usefulness of games as a potential methodological tool for the collection of responses to infectious diseases (Balicer, 2007; Chen et al., 2013) , and there has also been a recent increase in the use of games within the context of health-behaviour change (Primack et al., 2011) . However, there are drawbacks of using such methods. Hypothetical game-based scenarios may not reflect real life situations; instead participants may be simply playing the 7 game as a game. Another limitation relates to whether the current game is immersive enough. A higher level of immersion via three-dimensional simulated worlds may encourage participants to behave in a more true-to-life manner. There are also aspects of the game, such as the colour indication of the number of susceptible/infected individuals that provides information to participants that does not exist in the real world.
The present study has investigated social distancing behaviour using a novel computer game scenario that simulated an infectious disease outbreak. Three components of PMT (fear, response-efficacy and self-efficacy) were significantly associated with intention to engage in social distancing behaviour, but not to social distancing behaviour during the game.
Understanding the psychological factors involved in behavioural responses to infectious diseases is important for shaping interventions that may be used during infectious disease epidemics. The use of computer game tasks may represent a useful way of investigating these behavioural responses. 
